Summary: Location of origin cells of efferent fibers in the rabbit superior and inferior laryngeal nerves was investigated in association with their soma size, using the horseradish peroxidase (HRP) retrograde labeling technique. The nucleus ambiguus (nA) of the rabbit displays a different cytoarchitectonic appearance in its rostral fourth and caudal three-fourths, the former of which consists of a defined group of neurons (CG) with a compact arrangement and an undefined neuron group (SG) scattered around CG. On the other hand, the caudal three-fourths of nA is formed by a neuron group with a scattered arrangement similar to SG. Origin cells of the superior laryngeal nerve were confined to CG and SG of the rostal fourth of nA and a much smaller number also existed in the dorsal vagal nucleus. The mean some sizes of the CG Origin cells of the inferior laryngeal nerve were located in DG of the caudal three-fourths of and soma size between origin cells of the superior and inferior laryngeal nerves.
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The larynx is concerned with a variety of activities, including respiration, vocalization, swallowing, coughing, sneezing, vomiting and hiccoughing etc., with its main motor element being the laryngeal muscles, which receive innervation from the vagal nerve. The laryngeal muscles consist of the cricotyroid and four other muscles (lateral and posterior cricoarytenoid, thyroarytenoid and artytenoid) differing ontogenetically from each other. They are innervated by two different vagal branches, the superior and inferior laryngeal nerves, respectively, whose origin motoneurons are known to exist in the nucleus ambiguus (nA) of the medulla oblongata. A study on the intra-nA localization of the laryngeal motoneurons was first performed by Szentagothail4) in 1943, and recently, using the retrograde labeling technique with horseradish peroxidase (HRP) or some fluorescent substance, several reports were performed in the cat2,4,10,17), ratio), dog" and rabbit2). However, there is no unanimity of agreement as to the localization of the laryngeal motorneurons, since localization appears to be speciesdependent, and furthermore, there are even discrepancies found among reports using the same species. On the other hand, with respect to the superior and inferior laryngeal nerves, it is known that their roles with regard to laryngeal activities differ from each other13,16) and that therefore, their origin cells are to some dgree localized in the nA of several kinds of animals including the rat6,16), bati3), cati2) and dog"). There are few reports, however, dealing with variations of motoneuron size, which is generally accepted to correlated closely with the myological properties of the supplying muscle. The present paper is the first in a series dealing with the intra-nA localization of the rabbit laryngeal motoneurons, and location of origin cells of the superior and inferior laryngeal nerves was investigated here in association with their soma size in cross section.
Material and Method
Twelve male rabbits, weighing 1.5 to 2.5 kg, were used in the present study. Prior to the operation, each animal was anesthetized by intravenous injection of urethane (lg/kg body weight). The vagal nerve or its branches, the superior (SLN) and inferior (ILN) laryngeal nerve, were exposed unilaterally in the anterior neck in four animals for each nerve utilizing an operation microscope. Two to three ml of 25-40% HRP (Sigma tye VI) dissolved in sterile physiological saline was injected into either the vagal nerve at a level even with the nodose ganglion, into the SLN immediately after its emergence from the nodose ganglion, or into the ILN at a level coinciding with the lower margin of the thyroid gland. The injection was performed very carefully under air pressure with a micro glass-pipette, and then the injected site was covered with vaseline so as to avoid any leakage of the injected HRP into the surrounding tissue. After injection of HRP, incisions in the skin were sutured closed and the animals were allowed to survive for about 48 hours. The animals were then deeply reanesthetized and perfused through the ascending aorta with physiological saline (500 ml) followed by a fixative composed of 1.25% glutaraldehyde and 1% paraformaldehyde in 0.1M phosphate buffer (150m1, pH 7.4), and finally with 10% sucrose in the same buffer (1000m1, 4° C). The brainstem was removed and then kept overnight at 4°C in the phosphate buffer containing 30% sucrose. It was cut into serial transverse frozen sections of 60 Am thickness. Tetramethyl benzidine (TMB) was adopted as the chromogen in the histochemical procedure for the detection of HRP activity (Mesularrill)), after which the sections were counterstained with neutral red and mounted on glass slides. The location and number of HRPlabeled neurons were then studied by microscopy. For the measurement of soma size, one animal (body weight: 2.2-2.5kg) was chosen from each of the three abovementioned nerve injection groups. Soma sizes of the labeled neurons were estimated using one-half the sum of the measured long and short diameters when a nucleolus could be visualized. The measurement of diameters and its analysis were performed using a microcomputer system in conjunction with a desitizer on which the cell figures were projected with a microscope drawing apparatus.
Result
HRP was injected into the vagal nerve in addition to SLN and ILN, because labeling of nA-motoneurons following the vagal injection facilitates identification and subdivision of a range of nA whose identification in the normal preparation is difficult as indicated by name "ambiguus". Following injection of HRP into the vagal nerve, a large number of neurons were retrogradely labeled in both the ipsilateral nA and dorsal nucleus of the vagus (dnX). In addition, transganglionic labelings of afferent termination were found ispilaterally and to some degree contralaterally in the nucleus of the tractus solitarius, however detailed observation on these labelings was not performed in the present study. Labeled neurons in nA appeared first dorsolateral to the caudal pole of the facial motor nucleus, and then their appearance zone, nA, extended caudally in the lateral reticular formation to reach the caudal pole level of the inferior olive nucleus (Fig. 1) . The nucleus ambiguus displays a different cytoarchitectonic appearance between its rostral fourth and caudal three-fourths. Its rostral fourth consists of the following two groups of multipolar neurons: one (CG) is a defined group of small neurons with a compact cell arrangement, and the other (SG) is an undefined group of slightly larger neurons scattered around the former, with much fewer cells than in CG. On the other hand, the caudal three-fourths of nA is formed by only one subnucleus extending longitudinally from the level of the rostral foruth of the inferior olive nucleus, its boundary with the surrounding reticular formation being unclear. This subnucleus (DG) is cytoarchitectually composed of multipolar neurons with a diffuse arrangement similar to those of SG, in the rostrocaudal direction, however, it appears to continue from CG rather than . SG. In the rostral nA, labeled neurons were intermingled with a small number of unlabeled motoneurons, which probably send their axons to the vagal pharyngeal branch vagal nerve injection case or glossopharyngeal nerve whose origin cells cannot be labeled by this vagal injection. The mean soma size of CG-neurons labeled with HRP is 18 ± 2.4 prrl, long and short diameters of 21 ± 3.1 gm and 15 ± 2.6 grn, respectively (measured cell number: 325). On the other hand, the average size of SGneurons is 23 ± 2.3 gm (measured cell number: 127), being apparently larger than that of CG neurons, and their long and short diameters are 28 ± 3.4 ,um and 19 ± 3.1 gm, respectively. The majority of SG-neurons were located medial to CG, while several neurons also appeared ventral to it. On the contrary, dorsally and laterally to CG, neurons were only occasionally labeled with HRP ( Fig. 4-a) . The mean soma size of labeled DG-neurons is 27 ± 3.5 gm with long and short diameters of 32 ± 5.4 prIl and 22 ± 4.0 gm, respectively (measured cell number: 126), significantly larger than those of SG and CG neurons. The neurons in SG and CG show no apparent increase or decrease in number, except in the caudal portion of these groups where the neurons abruptly decrease in number and then caudally shift to DG. In DG, the number of labeled neurons was larger in its middle third than in the other levels, and an apparent decrease of their number was observed in the transition zone from CG and SG to DG, as stated above. Labeled neurons were also found in the ipsilateral dnX from the caudal pole level of the facial motor nucleus to the transition zone of medulla oblongata/spinal cord, and they were much larger in number than the intranA labeled neurons. Their mean soma size is 15 ± 2.3 gm with long and short diameters of 18 ± 33 pm and 12 ± 2.1 ,um, respective- Number of labeled neurons at each nA-level in HRP injection cases into the superior (SLN) and inferior (ILN) laryngeal nerves. Labelled neurons in case of SLN are located at CG and SG in the rostral fourth of nA, and those in the case of ILN at DG in its caudal three-fourths. CG, SG and DG are represented by the same marks as in Fig. 1 . ly (measured cell number: 199), being smaller than that of the nA neurons. The soma size of labeled neurons represents a unimodal distribution in all of dnX and the respective nA subdivision. This distribution, along with the ipsilateral appearance of retrogradely labeled neurons, was also observed in the SLN and ILN injection cases.
Following injection of HRP into SLN, retrogradely labeled neurons were found in CG and SG of the rostra! fourth of the ipsilateral nA to be intermingled with unlabeled neurons (Fig. 2, 3 and Fig. 4-b) . Labeled neurons in CG were located throughout all of this group in cross section, but in the rostrocaudal direction, they appeared to concentrate at the rostral half of CG rather than its caudal half where unlabeled neurons increse in number. On the other hand, labeled neurons in SG were chiefly located medial to CG and a few of them were also observed ventrally, but none were found dorsally and laterally. Their number was much smaller than that of CG neurons, and no apparent increase or decrease in their number was observed in the rostro-caudal direction. The mean soma sizes of the CG and SG neurons are 18 ± 2.6 pm (long and short diameters: 20 ± 3.2 pm and 15 ± 3.0 pm, measured cell number: 59) and 24 ± 2.6 pm (long and short diameters: 28 ± 3.8 p.m and 20 ± 3.5 pm, measured cell number: 40), respectively; these values being approximately the same as those in the case of vagal nerve injection. In addition to nA, labeled neurons were found scattered in the ipsilateral dnX from the caudal pole level of the facial motor nucleus to the transition zone of the medulla oblongata/spinal cord, but their number is considerably smaller in contrast to the case of vagal nerve injection. Following injection of HRP into ILN, labeled neurons were found in DG of the caudal three-fourths of the ipsilateral nA, and no labeled neurons were found in its rostral fourth where labeled neurons in the case of SLN injection were confined (Fig.  2, 3 and Fig. 4-c) . Their number is greatest in the middle third of DG, which extends from the level of the obex about 1.5 mm caudally, and they decrease in number while being traced rostro-caudally from here. Their mean soma size is 26 ± 3.3 pm with long and short diameters of 30 ± 5.1 gm and 21 ± 3.6 pm, respectively (measured cell number: 97); these values being approximately the same as those of DG labeled neurons in the case of vagal nerve injection. No labelings were observed in dnX in this case.
Discussion
With respect to the rabbit nA, Lawn9) divided it into three subdivisions: the principal column, medial column and diffuse formation, the former two of which together constitute the rostra! third of nA and are referred to as the compact formation. The principal column, occupying a major portion of this formation, is a compact group of multipolar neurons with prominent Nissl granules, while the minor medial column is situated more medially and has a scattered arrangement of similar neurons. On the other hand, the diffuse formation is the only subdivision constituting the caudal two-thirds of nA, in which multipolar neurons with prominent Nissl granules present a diffuse arrangement similar to the medial column. CG, SG and DG in our nA subdivision correspond to the principal column, medial column and diffuse formation, respectively, but they differ from Lawn's subdivision in the following two respects. One is that the ratio of the caudal scattered division to the rostral compact division (3:1) is higher than that of Lawn's subdivision (2:1). Another is that the rostral scattered division adjacent to the compact group is regarded as surrounding the latter, contrary to which Lawn described it as being situated medial to the compact group. These differences are probably due to the fact that the HRP labeling technique used in the present study made it possible to label such scattered neurons as were impossible to identify in the normal brainstem preparation. In the present study, the labeling of origin cells has not been carried out for the efferent fibers of the vagal pharyngeal branch and the glosspharyngeal nerve. These neurons, however, were reported in the rabbit by Lawn° to occupy the principal column and a rostralmost portion of the medial column, respectively, at a level caudal to the facial motor nucleus; giving the appearance that the range of nA labeled in the present study corresponds to almost the whole range of rabbit nA.
On the location of origin cells of motor fibers in SLN and ILN, cells which are hereafter abbreviated as SLN-neuron and ILNneuron, respectively, several reports were performed in either the rat ( .15) ) using the HRP -retrograde labeling technique. The rat ILN-neurons are found throughout the entire extent of nA, while SLN-neurons occupy only its rostral portion where they are situated more ventrally to be separated from ILNneurons. Although a similar finding is obtained in the dog, the separation of these neurons is not so distinct as in the rat. On the other hand. SLN-and ILN-neurons are observed in the bat to occupy a rostroventral and dorsocaudal nA, respectively, in spite of a partial overlapping of their appearance zones in the rostrocaudal direction. In the cat, appearance zones of SLN-and ILN-neurons are distinctly segregated from each other, being observed in the rostral third and caudal two-thirds of nA, respectively. From these findings, SLN-and ILN-neurons are inferred to display a segregation tendency in which the former neurons are situated more rostrally, although the degree varies among species. With respect to the rabbit, there has been only one report using the retrograde degeneration technique, by Lawn, in which he described that ILN-neurons were located in the caudal two-thirds of nA and that cricothyroid motoneurons, with axons passing through SLN, occupied its rostra! third. Accordingly, the present study using the HRP technique has also clarified that SLNand ILN-neurons occupy the rostral fourth and caudal three-fourths of nA, respectively; these results being approximately coinci-dent with a finding in the cat of a distinct rostrocaudal segregation of these neurons. It has also been clarified in the present study that there is a difference of soma size between the rabbit SLN-and ILNneurons, the former being smaller than the latter. Furthermore, among the SLN-neurons, those in CG were clarified as being smaller in comparison to those in SG, and taking DG, where the ILN-neurons exist, into consideration, it is understood that sizes of the constituent neurons become larger in order of CG, SG and DG. On the other hand, since these neuron groups are known to supply the cervical esophageal muscles , the cricothyroid muscle and the other larygeal muscles, respectively, the neuron size difference among CG, SG and DG can also be regarded as a difference of motoneurons size among their supply muscles. It is generally accepted that the size of motoneurons correlates with the myological characteristics of their supplying muscle , and that motor units supplied by small motoneurons have a slower and more tonic contraction property than those by larger matoneurons. There are no reports on the laryngeal motoneuron sizes other than a study in the cat and rabit by Davis and Nail2), where they described the cricothyroid motoneurons to be smaller than the other laryngeal motoneurons, excluding those supplying the posterior cricoarytenoid muscle. According to study, the mean sizes of the rabbit cricothyroid and thyroarytenoid/ lateral cricoarytenoid motoneuros are 23.9 ± 0.3 pm and 27.8 ± 0.4 pm, respectively; these values being well coincident with those of SG-neurons (23 ± 2.3 pm) and DG-neurons (27 ± 3.5 pm) obtained in the present study. With respect to the myological characteristics of the rabbit laryngeal muscles, Hall-Craggss) reported that the cricothyroid muscle included a larger number of slow and tonic twitch fibers in comparison to the other laryngeal muscles; suggestive that motoneuron size difference among these muscles reflects the abovementioned difference in their myological chacteristics. The present study and that of Davis and Nail') both indicate that the soma size distribution is unimodal in the rabbit laryngeal motoneurons, with indication of the potential absence of 7-motoneurons. This result is well in accord with the finding of Evans and Murray", that myelinated fibers in the rabbit recurrent laryngeal nerve, known to be devoid of sensory fibers, display a unimodal size distribution. Furthermore, in support of this, it is generally accepted that laryngeal muscles include few muscle spindles. On the other hand, although there are no reports in the available literatures on the myological properties of the esophageal muscle, the smaller soma size of the esophageal motoneurons compared with that of laryngeal motoneurons appears to suggest a further slower and more tonic contraction property of their supplying muscles. 
